Purpose : To assess the change in configuration of the diaphragm between scans obtained at end inspiration and end expiration Materia Is and Methods : Two series of CT scans at end inspiration and at end expiration were obtained in 37 patients. We evaluated the changes in the type of anterior diaphragm, pseudotumor, undulation of the diaphragm, and diaphragmatic defect during the respiratory phases .
who had undergone chest and abdominal CT scans between july 1994 and january 1995. We excluded those patients with peridiaphragmatic diseases, such as pleural effusion, ascites, and extensive pulmonary disease, that impaired evaluation of the diaphragm. The 37 patients in the study population comprised 20 men and 17 women ranging in age from 12 to 78 years (mean, 58 years) CT scans were performed prospectively using a GE 9800 Quick scanner (General Electric Medical Systems, Milwaukee, USA; 140kVp, 140mAs, 2sec) . At end in spiration, 19 patients with chest CT had contiguous lO-mm axial images from the apex to the third lumbar vertebral body, and 18 patients with abdominal CT had contiguous 10-mm axial images from the lower sternum to include the entire diaphragm. At end expiration, CT protocol in all patients involved contiguous lO-mm scans from the lower sternum to the third lum bar vertebral body for the evaluation of respiratory change of the diaphragm. Twenty-eight of 37 patients received N contrast material. We excluded those cases with respiratory movement of the liver of of less than 2 cm, as evaluated on CT scanograms obtained at end expiration and at end inspiration, because the respiratory effort might not have been sufficient to evaluate respir- Sung Jin Kim, et af : CT Anatomy of the Diaphragm atory change ofthe diaphragm We retrospectively evaluated the following entities: change in type of anterior diaphragm, and changes in freguency of diaphragmatic defect, pseudotumor, and undulation of the diaphragm during the respiratory phases. All CT scans were reviewed by two observers, and a conclusion was reached by consensus
We assessed the various configurations of the an terior portion of the diaphragm according to Gale's classification (7): Type 1: continuous arc above the level of the xiphoid (Fig. lA) ; type 2: anterior divergence and discontinuity of muscle fibers (Fig. 2) ; type 3: broad with poorly defined bands (Fig. lB) . Two types of diaphragmatic defects were defined : Type 1 : a localized defect without herniation of fat (Fig. 3) ; type 2: any defect with herniation of fat or A B Fig. 1 . On the scans at end expiration (A), the anterior diaphragm is seen as a continuous line (arrow heads) across the midline at the level of the xiphoid process (type 1). However, the anterior diaphragm (arrows) is seen as a broad, poorly defined band (type 3) on the scans at end inspiration (8) . 쟁 intraabdominal organ (Fig. 4A ). Pseudotumors were defined as those nodules with a narrow base toward the costal diaphragm and those on the posterior diaphragm (Fig. 5A ). Undulation ofthe diaphragm was defined as occurring when the nodule had a broad base or the diaphragm was wavy (Fig. 6A) .
Results
The common types of anterior diaphragms at end expiration were type 1 (n=20, 54.1 %) and type 3(n=16, 43 .2 %);in contrast, these were type 2(n = 19, 51. 4 %) and type 3 (n = 12, 32.4 %) at end inspiration ( Table 1) .
On CT scans, the configuration of the anterior portion of the diaphragm changed at different respiratory phases in 25(67.6 %) of 37 patients. All of these 25 patients showed that the anterior diaphragm descended at end inspiration [i. e. , type 1 (n=17) to type 2 (n= lO) or 3 (n=7), and type 3 to type 2 (n=8)] (Fig. 1) .
Diaphragmatic defects were found in five patients (13.5 %) at end inspiration, however, no patient showed a diaphragmatic defect at end expiration (Fig.   4 , Table 1 ). Four of the five patients showed obvious defects (type 2), and one showed type 1. Four of the five defects (type 1 in one and type 2 in three) were on the left.
Diaphragmatic pseudotumors were found in seven patients (18.9 %) at end inspiration, whereas they were found in only two patients (5 .4 %) at end expiration (Fig 5, Table 1 ). Of the two patients with pseudotumor at end expiration, one showed an increase in the number ofpseudotumors at end inspiration, while the other A B Fig. 4 . Type 2 defect. On the scan at end inspiration, there is apparent discontinuity (arrows) of the diaphragm and protrusion of the intraabdominal fat (A). However, on the scan at end expiration in the same patient, there is no evidence of diaphragmatic defect (8) . did not show any change between the respiratory phases. The locations ofthe pseudotumors were on the crura in six and on the left costal diaphragm in one Undulations of the diaphragm were found in 14 patients (37.8 %) at end inspiration, but were found in only four patients (10.8 %) at end expiration (Fig. 6 , Table 1 ). lri addition, the undulations of these four patients were more prominent at end inspiration than at end expiration. All cases of undulations were seen on the left side, and only one case was also seen on the right side.
Discussion
For an understanding of Morgagni' s hernia and pneunoperitoneum, familiarity with the CT appearance of the anterior diaphragm is important. The ap pearance of the anterior diaphragm was thoroughly analyzed by Gale (7) . He reported that the frequency of each type of anterior diaphragm was 48 % (type 1). 28 % (type 3), and 11 % (type 2). He did not, however, consider the change in appearance of the anterior diaphragm between the respiratory phases, even though his study involved chest and abdominal CT. We think that this may be the major reason for his result not be ing identical to the results of our end inspiration or end expiration scans (Table 1) In our study, the configuration of the anterior portion of the diaphragm changed between end inspiratory and end expiratory CT scans in 25 patients (67 .6 %), all of whom showed downward movement of the anterior diaphragm at end inspiration. This was probably due to respiratory movement ofthe heart, because the central tendon of the diaphragm is partly blended with the inferior portion of the pericardium (8) .
The cause of the diaphragmatic defect seen in the adult age group is partly related to the aging process (6) . The most frequent site of such a defect is the left posterior diaphragm; its reported frequency varied from 6 % (5)to 37 % (6).
In our study, diaphragmatic defects were visualized in five patients (13.5 %) at end inspiration but were not visualized at end expiration, despite the fact that the mean age of the patients was 58 years . The reasons for the increased frequency of diaphragrnatic defects at inspiration may be related to decreasing intrathoracic pressure and to the exaggeration of the defect due to muscular contraction of the diaphragm at inspiration. This result suggests that CT scans should be obtained at end inspiration if a diaphragmatic defect is suspected.
It is well known that the cause of diaphragmatic pseudotumor is infolding of contracted muscle fiber at inspiration and that this appearance is reversible on expiratory scans (3, 4) . To our knowledge, however, there have been no systematic studies in the same patients aimed at evaluating this change, but only some case reports. Diaphragmatic pseudotumor and undulation of the diaphragm, as seen in our study, had in previous studies been evaluated as pseudotumor. We evaluated these two separately, because undulation of the diaphragm, compared with a diaphragmatic pseudotumor, may be easily characterized as diaphragmatic change rather than pleural mass or lymph node. In our study, diaphragmatic pseudotumor and undulation were markedly more frequent on inspiratory than on expiratory scans (18.9 % and 37 .8 %, respectively, compared with 5.4 % and 10.8 %, respectively). These results are similar to those ofprevious reports (3, 4) .
In conclusivsion, there is a change in the configur-짧 ation of the anterior p ortion of the diaphragm and we a 1so observed differences in the frequency of d iaphragmatic defects, pseudotumor, and undu1ation be- 
